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We present morphological and spectroscopic studies of the northwest rim of the supernova remnant
RX J1713.7−3946 based on observations by the Chandra X-ray observatory. We found a complex network
of nonthermal (synchrotron) X-ray laments, as well as a ’void’ type structure { a dim region of a circular
shape { in the northwest rim. It is remarkable that despite distinct brightness variations, the X-ray spectra
everywhere in this region can be well tted with a power-law model with photon index Γ ’ 2:3. We briefly
discuss some implications of these results and argue that the resolved X-ray features in the northwest rim
may challenge the perceptions of standard (diusive shock-acceleration) models concerning the production,
propagation and radiation of relativistic particles in supernova remnants.
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Introduction
The supernova remnant (SNR) RX J1713.7−3946 has proven to be a prominent source of nonthermal X-
rays and presumably also γ-rays, thus providing strong evidence that shell-type SNRs are sites of acceleration
of galactic cosmic rays. This source was discovered during the ROSAT All-Sky Survey (Pfeermann &
Aschenbach pfeermann). Observations with ASCA have revealed intense synchrotron X-ray emission from
the entire remnant (Koyama et al. koyama97; Slane et al. slane). Unlike SN 1006, no evidence for thermal
X-ray components has yet been found.
At the north perimeter of RX J1713.7−3946, a molecular cloud (cloud A) has been found with a high
CO (J= 2−−1)=CO (J= 1−−0)ratiothatsuggestspossibleinteractionbetweenthecloudandtheSNRshell(Buttetal:butt01):The
ray source 3EG J1714−3857 (Butt et al. butt01). Most recently, Uchiyama et al. (uchiyama02) reported
an unusually flat-spectrum X-ray source (AX J1714.1−3912) coincident with this cloud, and argued that
the flat spectrum can be best interpreted by bremsstrahlung from either sub-relativistic protons or mildly
relativistic electrons. The high-energy particles responsible for the X-ray and γ-ray emission from this cloud
are likely associated (in one way or another) with the SNR-cloud interaction. For the preferred distance to
SNR RX J1713.7−3946 of d ’ 6 kpc (Slane et al. slane), based on the kinematic distance to cloud A, the
age of the remnant is estimated to be 10 000 yr. A younger age of  2000 yr cannot be, however, excluded
if d = 1−−2 kpc.
The CANGAROO collaboration (Muraishi et al. 2000) reported the detection of TeV γ-ray emission
from the direction of the northwest (NW) rim, the brightest region of synchrotron X-rays in RX J1713.7−3946.
If conrmed, the TeV γ-radiation would provide direct and unambiguous evidence for the presence of par-
ticles (electrons and/or protons) accelerated to very high energies. Recently Enomoto et al. (enomoto)
published the spectrum of TeV emission based on the new CANGAROO observations. The spectrum is
claimed to be quite steep with a power-law photon index Γ = 2:8 0:2 between 400 GeV and 8 TeV. They
argued that the steep spectrum is inconsistent with the inverse Compton (IC) model, but could be explained
by 0-decay gamma-rays. If true, for the canonical shock-acceleration spectrum of protons with power-law
index s  2, this would imply a cuto energy in the proton spectrum around 100 TeV. Subsequently, Reimer
& Pohl (reimer) and Butt et al. (butt02) argued that this interpretation would violate the γ-ray flux upper
limits set by the EGRET instrument. However, this is not a suciently robust argument to be used to
dismiss the hadronic origin of the reported TeV emission. Adopting a slightly harder proton spectrum, e.g.
with spectral index s  1:9, it is possible to avoid the conflict with the EGRET data. Even for proton
spectra steeper than s = 2, it is still possible to suppress the GeV γ-ray flux, if one invokes the eects of
energy-dependent propagation of protons while traveling from the accelerator (SNR shocks) to the nearby
clouds (see e.g. Aharonian aharonian01). Moreover, the lack of GeV γ-rays can be naturally explained
by connement of low-energy (GeV) protons in the supernova shell, in contrast to the eective escape of
high-energy (TeV) protons.
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On the other hand, the arguments against the IC model of TeV emission should be backed by thorough
theoretical studies based on higher quality data from the radio, X-ray and γ-ray domains. X-ray observations
are of particular interest because the synchrotron X-ray spectra reliably \control" the predictions of IC emis-
sion at TeV energies. In this paper, we report on the X-ray study of the NW rim of SNR RX J1713.7−3946
using archival data obtained with the Chandra X-ray Observatory. We demonstrate that the X-ray emission
has remarkable substructure with bright laments accompanied by curious voids. The observed features set
new standards in X-ray studies of SNRs which should help to understand deeper the nonthermal processes
of particle acceleration, propagation and radiation in supernova shocks.
X-ray data
The observation of the northwest (NW) rim of the SNR RX J1713.7−3946 was carried out on 2000
July 25 (ObsId 736) with the Advanced CCD Imaging Spectrometer (ACIS) on board Chandra. The data
were obtained with the ACIS-I array consisting of four front-side-illuminated CCD chips. As shown in
Fig. g:fov, the array was placed to cover the brightest portion of the remnant. We analyzed the processed
level 2 event data (processing version R4CU5UPD14.1), retrieved from the Chandra public archive. The
overall light-curve was examined for possible background fluctuations; no time-variation was found. After
data processing, we obtained an eective exposure time of 29.6 ks.
gure [width=7cm]cxofov2:epsOverallASCAviewoftheSNRRX J1713:7-3946regioninthehard5−−10keV energyband(
of−view:TheSNRhasanangularradiusofabout40:AtransientX−raysource(Koyamaetal:koyama97)isblankedout(awhitecr
3857(Buttetal:butt01); theapproximateoutlineofcloud A; andthecenterofcloud C:fig : fov
2
